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研究成果の概要（英文）：NO generation ability was installed in nanoparticles which forms gel under 
the physiological conditions. The obained NO-release injectable gel was administered to the 
myocardial infarction region and the formed gel in myocardium improves long-term retention and 
continuous generation of NO and increases blood flow and new blood vessels. The objective of this 
work was to improve angiogenesis of myocardial infarction using our NO-releasing injectable gel. In 
addition, an ROS elimination function was added to the NO-releasing injectable gel, which avoided 







































































図 1．炎症部位に集積し NO を発生するナノ粒子の設計と新しい抗がん治療への展開 





















































を評価した。図 4 に示すように、NO-IG は、
PIC の形成のために、PArg-PEG-PArg ポリマー
のみと比較して、RAW264.7マクロファージ細
                                                   





















 NO 放出能や ROS 消去能の無いゲル(Sham)、
NO 放出ゲル(NO-IG)及び ROS 消去ゲル(RIG)
では LAD 結紮モデルに対して上昇する傾向
はあったが、統計的有意差は得られなかった。









変化. lAMP(16 mg/kg)一回投与(0d, 青)、2 回投与
(0,1d, 緑 )、3 回投与 (0,1,2d, 橙色 )、4 回投与
(0,1,2,3d, 赤色 )、コントロール (黒色 ) (n= 4, 
expressed as mean ± S.E., *p b 0.05). (n= 3, mean ± 


















4.3 NO 発生評価 




図 3．NO を発生し、ROS を消去するインジェクタブルゲル(NO-RIG)の設計とその特性 a.設計した高分子
とポリイオンコンプレックスミセル、ゲル化；b. PIC フラワーミセルの粒径・分布(5mg/mL, PBS, 25°C)；c. 
PIC フラワーミセルの昇温における粘度上昇(45mg/mL)：d. 貯蔵弾性率(G’)及び損失弾性率(G”)の温度依存
性(45mg/mL)；e. 蛍光ラベル NO-RIG の心筋投与後の残存性(上から 5mm の所の切片の蛍光撮影。10 日間
にわたって徐々に減衰している様子が確認された)；f: 蛍光強度の定量結果(水溶性高分子が 2 日程度で消


















高かった(図 8b、c)。図９では NO-RIG および































〔雑誌論文〕（計 26 件） 
1. Keisuke Motone, Toshiyuki Takagi, Shunsuke 
Aburaya, Wataru Aoki, Natsuko Miura, 
Hiroyoshi Minakuchi, Haruko Takeyama, 
Yukio Nagasaki, Chuya Shinzato, Mitsuyoshi 
Ueda, Redox nanoparticle prevents coral larvae 
from heat stress mortality as a potential use for 
coral reef protection, Marine Biotechnology, 
in press (10.1007/s1012). 
2. Yutaka Ikeda, Yukio Nagasaki, Antioxidative 
biointerface: Biocompatible materials 
scavenging reactive oxygen 
species, Biomedical Materials, 
(Review), Vol.13, No.4, 044103(2018) 
(doi.org/10.1088/1748-605X/aab720). 
3. Yukio Nagasaki, Design and Application of 
Redox Polymers for Nanomedicine, Polymer 
Journal, (Review) in press. (10.1038/s41428-
018-0054-6) (高分子学会賞受賞論文) 
4. Long Binh Vong, Thang Q Bui, Tsutomu 
Tomita, Hiroki Sakamoto, Yuji Hiramatsu, 
Yukio Nagasaki, Novel Angiogenesis 
Therapeutics by Redox Injectable Hydrogel - 
Regulation of Local Nitric Oxide Generation 
for Effective Cardiovascular 
Therapy, Biomaterials, Vol. 167, 143-
152(2018) (doi: 
10.1016/j.biomaterials.2018.03.023) 
5. Yutaka Ikeda, Kazuhiro Shoji, Chitho 
Feliciano, Shinji Saito, Yukio Nagasaki, 
Antioxidative nanoparticles significantly 
enhance therapeutic efficacy of an antibacterial 
therapy against Listeria monocytogenes 
infectio, Moleculaar Pharmaceutics, 15 (3), 
pp 1126–1132(2018) (doi: 
10.1021/acs.molpharmaceut.7b00995).  
6. Chitho P. Feliciano, Yukio Nagasaki, Oral 
Nanotherapeutics: Redox Nanoparticles 
Attenuate Ultraviolet B Radiation-Induced 
Skin Inflammatory Disorders in Kud:Hr- 
Hairless Mice, Biomaterials, Volume 142, 
162-170(2017), (doi: 
10.1016/j.biomaterials.2017.07.01). 
7. Long Binh Vong, Shinya Kimura, Yukio 
Nagasaki, Newly designed silica-containing 
redox nanoparticles for oral delivery of novel 
TOP2 catalytic inhibitor for treating colon 
cancer, Advanced Healthcare 
Materials, Vol.6, 1700428(2017) 
(0.1002/adhm.201700428) 
8. Hisayuki Hosoo, Aiki Marushima, Yukio 
Nagasaki, Aki Hirayama, Hiromu Ito, Sandra 
Puentes, Arnela Mujagic, Hideo Tsurushima, 
Wataro Tsuruta, Kensuke Suzuki, Hirofumi 
Matsui, Yuji Matsumaru, Tetsuya Yamamoto,  
Akira Matsumura, Nurovascular unit 
protection from cerebral ischemia-reperfusion 
injury by radical-containing nanoparticles in 
mice, Stroke, Vol. 48, 2238-2247(2017) 
(doi:10.1161/STROKEAHA.116.016356). 
9. Phetcharat Boonruamkaew, Pennapa 
Chonpathompikunlert, Long Binh Vong, Sho 
Sakaue, Yasushi Tomidokoro, Kazuhiro Ishii, 
Akira Tamaoka, Yukio Nagasaki, Chronic 
treatment with a smart antioxidative 
nanoparticle for inhibition of amyloid plaque 
propagation in Tg2576 mouse model of 
Alzheimer’s disease, Scientific 
Reports, Volume 7, Article Number 3785, 
pp.1-13 (2017) (10.1038/s41598-017-03411-7) 
10. Yukio Nagasaki, Yutaro Mizukoshi, Zhenyu 
Gao, Chitho P. Feliciano, Kyungho Chang, 
Hiroshi Sekiyama, Hiroyuki Kimura, 
Development of a Local Anesthetic Lidocaine-
loaded Redox-active Injectable Gel for 
Postoperative Pain Management, Acta 
Biomaterialia, Volume 57, 127-135(2017) 
(10.1016/j.actbio.2017.04.031). 
11. Babita Shashni, Yukichi Horiguchi, Kosuke 
Kurosu, Hitoshi Furusho, Yukio Nagasaki, 
Application of Surface Enhanced Raman 
Spectroscopy as a Diagnostic System for 
Hypersialylated Metastatic 
Cancers, Biomaterials, Volume 134, 143-153 
(2017) (10.1016/j.biomaterials.2017.04.038). 
12. Kanako Shiota, Susumu Hama, Toru 
Yoshitomi, Yukio Nagasaki, Kentaro Kogure, 
Prevention of UV-induced Melanin Production 
by Accumulation of Redox Nanoparticles in 
the Epidermal Layer via 
Iontophoresis, Biological & Pharmaceutical 
Bulletin, Note, Volume 40, 941-944(2017) 
(doi: 10.1248/bpb.b17-00155) 
13. Chitho P. Feliciano, Koji Tsuboi, Kenshi 
Suzuki, Hiroyuki Kimura, Yukio Nagasaki, 
Long-term bioavailability of redox 
nanoparticles effectively reduces organ 
dysfunctions, Biomaterials, Volumer 129, 
pp.68-82. 
(10.1016/j.biomaterials.2017.03.011) 
14. Babita Shashni, Abdulaziz Alshwimi, Kentaro 
Minami, Tatsuhiko Furukawa, Yukio Nagasaki, 
Nitroxide radical-containing nanoparticles as 
potential candidates for overcoming drug 
resistance in epidermoid cancers, Polymer, 
Volume 116, pp.429-
438(10.1016/j.polymer.2017.02.052). 
15. Long Binh Vong, Makoto Kobayashi, Yukio 
Nagasaki, Evaluation of the Toxicity and 
Antioxidant Activity of Redox Nanoparticles in 
Zebrafish (Danio rerio) Embryos, Molecular 
Pharmaceutics, Volume 13, No. 9, pp 3091–
3097(2016) (doi: 
10.1021/acs.molpharmaceut.6b00225) 
16. Sindhu Thangavel, Toru Yoshitomi, Meena 
Kishore Sakharkar, Yukio Nagasaki, Redox 
nanoparticle increases the chemotherapeutic 
efficiency of pioglitazone and suppresses its 
toxic side effects, Biomaterials, Volume 99, 
page 109-123(2016). (doi: 
10.1016/j.biomaterials.2016.05.001) 
17. Phetcharat Boonruamkaew, Pennapa 
Chonpathompikunlert, Yukio Nagasaki, Redox 
nanoparticle therapeutics for acetaminophen-
induced hepatotoxicity in mice, Special issue of 
"Harmful and Beneficial Role of 
ROS", Oxidative Medicine and Cellular 
Longevity, Volume 2016, ID 4984597(2016) 
(doi:10.1155/2016/4984597) 
18. Long Binh Vong, Yukio Nagasaki, 
Combination treatment of murine colon cancer 
with doxorubicin and redox 
nanoparticles, Molecular Pharmaceutics, 13 
(2), pp 449–455(2016). (doi: 
10.1021/acs.molpharmaceut.5b00676) 
19. Shiro Ishii, Junya Kaneko, Yukio Nagasaki, 
Development of a long-acting, protein-loaded, 
redox-active, injectable gel formed by a 
polyion complex for local protein 
therapeutics, Biomaterials, Volume 84, page 
210-218(2016) (doi: 
10.1016/j.biomaterials.2016.01.029) 
20. Makiko Saita, Junya Kaneko, Takenori Sato, 
Shun-suke Takahashi, Satoko Wada-Takahashi, 
Ryota Kawamata, Takashi Sakura5, Masaichi-
Chang-il Lee, Nobushiro Hamada, Katsuhiko 
Kimoto, Yukio Nagasaki, Novel antioxidative 
nanotherapeutics in a rat periodontitis model: 
Reactive oxygen species scavenging by redox 
injectable gel suppresses alveolar bone 




〔学会発表〕（計 183 件） 














○出願状況（国内 5 件、PCT 1 件、計 6 件） 
 非公開に付き、公表を差し控えます。 
 












 長崎幸夫（Yukio Nagasaki） 
筑波大学・数理物質系・教授 
 研究者番号：90198309 
 
 
 
 
